In this study, a two-layer landslide model is presented for investigating submarine landslides and generated waves that propagate over irregular bathymetry. The landslide is described as either a mudflow or a fully saturated granular flow, which are distinguished by using different rheological closure based on physical principles. Depthaveraged governing equations for the landslide are derived in a regular Cartesian coordinate system, and take into account the effect of vertical acceleration and interface traction from the upper-layer water. In addition, sediment erosion from basal boundary and water entrainment are also considered. Tsunami waves generated by the landslide are simulated by the threedimensional non-hydrostatic wave model NHWAVE (Ma et al., 2012) . The governing equations for both the lowerlayer slide and the upper-layer water body are solved using a Godunov-type finite volume TVD scheme in space and a Strong Stability-Preserving (SSP) RungeKutta scheme in time.
In a regular Cartesian coordinate frame, non-dimensional analysis shows that vertical acceleration of the landslide is considerable when slope becomes steep, leading to a deviation from hydrostatic pressure in the slide volume. Therefore, a non-hydrostatic model is included to take the effect into account and correct the bottom pressure and velocity.
In this study, the slide volume is idealized as a homogeneous continuum, with several alternative choices of Newtonian or non-Newtonian rheologies available for characterizing the particular type of flow involved. In the landslide model, three rheological stress closures are included for mudflow and three for granular flow. The mudflow closures are laminar flow model, turbulent flow model and Bingham fluid model (Jiang & Leblond, 1993 and Imran et al., 2001) , while the granular flow closures include Coulomb friction model (Savage & Hutter, 1989 ), Voellmy friction model (Coulomb friction+ turbulent flow, Hungr & McDougall, 2009 ) and (I)-rheology model (Gray & Edwards, 2014) .
The Bed erosion rate is estimated in a similar manner as described in Iverson & Ouyang (2015) , in which the formula is derived from a two-layer erosion theory. The theory considers the interaction between an upper layer of moving mass and a lower layer of static and erodible bed. To close the formula, a Coulomb friction model is used to estimate the stresses of the static bed.
To calculate the interface traction between the waterlayer and slide-layer, another two-layer entrainment theory is used. The slide-layer stresses at the interface can be expressed with known water-layer stresses and deformation of the interface. Meanwhile, the water entrainment rate of the slide layer is estimated by the change of the mass porosity, which is controlled by the soil dilatancy effect during the slide motion (Iverson & George, 2014 ).
The model is tested against some analytical solutions and experimental results for both landslide motions and tsunami wave generation. For example, Figure 1 shows the modeled and measured waves at wave gauge locations for a laboratory experiment on a submarine slide of homogeneous glass beads, described in Grilli et al. (2017) . Grilli et al. (2017) 
